.0001) and by the ingestion of concentrate compared with hay-based diets ( P < .05). Preprandial concentrations of serum folates were not affected by the nature of the diet when steers received no folic acid but the increase of serum folates induced by the dietary supplement of folic acid was more important in steers fed concentrates than in those fed hay-based diets (diet x supplement of folic acid interaction P = .002). Microbial protein ( P = .004) and microbid mass ( P = .002) in ruminal fluid were increased with concentrate-based diets compared with hay-based diets; folic acid did not have any effect on these variables ( P > .05). In conclusion, concentrations of folates in ruminal contents were affected by dietary supplements of folic acid and by the nature of the diet. Dietary folic acid did not have any marked effect on studied characteristics of ruminal microflora. However, the intensity of the response of serum folates to dietary supplements of folic acid given to steers was modified by the nature of the diet.
Introduction
The ruminant is generally considered independent of an exogenous supply of folates. However, Zinn et al. (1987) observed that, in steers, the quantity of folic acid reaching the intestinal sites of absorption is less than 10% of requirements, on a body weight basis, estimated from the needs of growing pigs. Moreover, the concentrations of serum folates, an indication of folate status, vary in the bovine in accordance with physiological state. For example, in multiparous dairy cows, total serum folates decreased by 40% from 2 mo postpartum, around mating, to calving (Girard et al., 1989a) . In dairy heifers, concentration of serum folates doubled from the age of 2 wk to that of 4 mo (Girard et al., 198913) and a parenteral supplement of folic acid increased ADG by 8% during the postweaning period (Dumoulin et al., 1991) . Serum folates of heifers can be increased by a dietary supplement of folic acid (Girard et al., 1992) . Some in vitro studies reported that folic acid could enhance degradation of fibrous substrates by ruminal microorganisms (Allison, 1965; Blanchart et al., 1989) . Nevertheless, no information is available on the consequences of the utilization of dietary supplements of folic acid on the in vivo digestive process. According to Kon and Porter (19541, folates in ruminal contents are not related to dietary supply of folic acid.
The present experiment was undertaken to observe whether the concentrations of folates in ruminal contents are affected by a dietary supplement of folic acid and if this response is modified by the nature of the diet, concentrates-vs hay-based diets. Effect of supplementary folic acid on microbial protein and microbial mass were also observed.
Animals
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Materials and Methods
Eight steers (352 f 27 kg BW), crosses of Hereford with Simmental, Charolais, or Blonde d'Aquitaine, fitted with a ruminal cannula were randomly assigned to a replicated Latin square design balanced to evaluate residual effect of the previous treatment. The steers were cared for according to recommended codes of practice (Canadian Council on Animal Care, 1980; Agriculture Canada, 1990) . They were kept individually under 12 h of light in stalls equipped for total feces collection. Animals were fed at 0800 each day and had free access to water. Feed intake was recorded every day and the quantities of concentrates and forages, according to the ratio 30:70 or 70:30, were adjusted to allow a refusal of approximately 10%. Steers were weighed at the beginning of each period of the Latin square; each period consisted of 5 wk of adaptation followed by 3 d of collection.
Treatments
The following diets were fed to steers in a 4 x 4 Latin square design: 70% rolled barley + 30% timothy hay ( HC), HC + 2 mg of folic acid per kilogram of BW (pteroylmonoglutamic acid, ICN Biochemicals, Cleveland, OH) ( HC-FA), 30% rolled barley + 70% timothy hay ( HF) , and HF + 2 mg of folic acid per kilogram of BW (HF-FA). Composition of the diets, shown in Table 1 , was determined in pooled samples for each period. Concentrations of folates were 1.27 ?c .26 and .17 k .02 mgkg of DM in hay and barley, respectively. The supplement of folic acid was mixed with 10 g of ground concentrate and served daily as a powder topdressed over the barley. Quantity of folic acid was adjusted a t the beginning of each period of the latin square.
Blood and Ruminal Sampling
For each period of collection, after 5 wk of adaptation, blood samples were taken from the jugular vein during the 1st d of collection and 1 h before and 4 h after feed distribution. Ruminal contents (solid and liquid fractions) were sampled during three consecutive days, 1, 2, 4, 8, 12 , and 23 h after feed distribution. Folates in Serum, Feed, and Ruminal Fractions Blood. The procedures for blood collection, serum storage, and folate determination were made as described in Girard et al. (1989a) .
Sample Preparation and Determination of
Feed. The procedures for sample preparation and folate determination in concentrates and hay were made as described in Dumoulin et al. (1991) . A sample of .1 g, ground a t 1 mm, was homogenized in a Ruminal Fraction. After ruminal collection, 30 g of the solid fraction of the ruminal contents and 100 g of the liquid fraction were placed in a Waring blender for 30 s a t low speed followed by 30 s at high speed. Afterward the ruminal sample was strained through four layers of cheesecloth. The solid fraction was placed in a plastic jar and kept frozen at -20°C until it was assayed. The collected liquid fraction was centrifuged at 1,000 x g for 10 min a t 4°C to remove small feed particles and protozoa. Supernatant was centrifuged again at 38,000 x g for 30 min a t 4°C to remove bacteria. After this second centrifugation, supernatant fluid was placed in polypropylene tubes and frozen at -20°C. Two hydrolysates were prepared for each sample of each fraction of the ruminal contents before folate determination. For the solid fraction of the ruminal contents, a sample of .1 g was homogenized in a grinder tube with 6 mL of McIlvain buffer. The homogenate was vortexed and transferred to a 13-mm x 100-mm glass tube with stopper. For the liquid fraction of the ruminal contents, 1 mL of the liquid and 8 mL of McIlvain buffer were placed in a 25-mm x 100-mm glass tube with stopper and vortexed. Thereafter, the same procedure was followed for the liquid and solid fractions of ruminal contents.
The tubes were autoclaved for 10 min at 121°C and cooled in cold water for 5 min. The pH was adjusted to 7.0 with 3.3 N NaOH and the volume completed to 10 mL with distilled water. A supplementary 40 mL of distilled water were added to all hydrolysates of the liquid fraction of steers receiving a dietary treatment of folic acid. Occasionally, a supplementary dilution with distilled water was necessary for these samples. Then, the solution was vortexed and centrifuged at 1,854 x g for 10 min. Supernatants were diluted 1:l with bovine serum albumin ( 7 % ) and folates were measured by radioassay (Quantaphase Folate, BioRad Laboratories [Canada]) in duplicate in two different assays.
The effect of chicken pancreas conjugase on concentration of folates was tested using the method described by Cerna and Kas (1983) . No effect of conjugase was noted on concentrations of folates in solid and liquid fractions of the ruminal contents and, subsequently, all assays were run without pretreatment with conjugase. Recovery tests were 89.51 and 123.69% for the solid and the liquid fractions of the ruminal contents, respectively. The mean coefficients of variation between duplicates made in two different assays were 7.44 and 6.76% for the solid and the liquid fractions, respectively.
Determination of Microbial Mass and Protein
Ruminal fluid samples of approximately 50 mL were squeezed through eight layers of cheesecloth in a funnel with a thin layer ( 3 4 mg) of glass wool at the neck to remove plant particles. Ten mL of the filtrate were centrifuged in duplicate at 24,000 x g for 30 min. The supernatant was collected with a Pasteur pipet. The pellet was washed with 10 mL of methanol, sonicated 10 to 30 s (High intensity Ultrasonic Processor, High Tech Model 60 Watts, Sonics & Material, Danbury, CO) and centrifuged again a t 24,000 x g for 30 min. Washing and centrifugation were repeated once to remove urea and polysaccharide slime (Riddell et al., 1980) . The pellet was freezedried overnight and weighed. The pellet was suspended in 9 mL of distilled water. The cell suspension was sonicated until uniformly distributed. Duplicate aliquots of .1 mL were transferred to test tubes containing 5.0 mL of Bio-Rad dilute Dye Reagent (Bio-Rad Laboratories, Richmond, CAI. Tubes were vortexed and allowed to stand for 15 min at room temperature before absorbance determination at 595 nm (model 4050, spectrophotometer LKB Ultrospec 11, Fisher, Ste-Foy, QC) against blanks containing water. The protein standard was bovine plasma albumin (Bio-Rad Laboratories).
Statistical Analysis
Studied variables were analyzed as a replicated 4 x 4 Latin square design accounting for residual effects of the treatments (Cochran and Cox, 1957) using the GLM procedures of SAS (1985) represented an observation on the jth steer, S, ( j = 1 to 8 ) nested in the ith square, Q, ( i = 1 to 2 ) at the kth period, P, (k = 1 to 4 ) during which the Ith treatment, T, (1 = 1 to 4 ) was administered and the mth residual effect, R, ( m = 1 to 4 ) was due t o preceding treatment.
The overall mean was expressed as p, the interaction between square and treatment was expressed as QTil. The residual error was eijklrn.
Orthogonal comparisons were used to test the effects of diet, level of dietary supplement of folic acid, and the interaction between the two. When the diet x supplement of folic acid reached a level of significance of 95%, a protected LSD was used to test for significant differences among means (Snedecor and Cochran, 1971 ).
In addition, serum folate data were analyzed as a replicated 4 x 4 Latin square design with time effects as a subplot.
Results and Discussion
The response of ruminal folates was modified by the nature of the diet. For the two studied fractions of the ruminal contents, areas under the curve were higher for steers fed concentrate-based diets than for those fed hay-based diets ( P = .03 and .05 for the liquid and the solid fractions, respectively). For the liquid and the solid fractions of the ruminal content, areas under the curve were 5,259.2 and 9,852.5 ng.mL-l.h-l and 57.5 and 92.9 mg.kgl.h-l, for hay-and concentratebased diets, respectively. As shown in Figure 1 , concentrations of folates in the solid and liquid fractions of the ruminal contents were higher in steers fed diets supplemented with folic acid. Areas under the curve of steers fed dietary supplements of folic acid were greater, 14,110.3 ng.mL-l.h-l and 134.4 mg-kgl-h-l for the liquid and the solid fractions, respectively, than those of unsupplemented steers, 1,001.4 ng.mL-l.h-l and 16.0 mg.kg-l.h-l ( P = .0001 for the two fractions). The response of ruminal folates to supplements of folic acid was not modified by the nature of the diet (diet x supplement of folic acid, P = .69 and .20 for the liquid and the solid fractions, respectively.
Mean concentrations of folates in the solid and liquid fractions of ruminal contents of unsupplemented steers were .66 * .01 mgkg of DM and 40.9 + 3.0 ng/mL, respectively, for HF, whereas the corresponding values were .81 k .03 mgkg of DM and 53.0 k 3.8 ng/mL, respectively, for HC. Kesler and Knodt (1952) reported higher values in ruminal contents, varying from 14 to 48.4 mgkg of DM. This discrepancy with the present results is likely to be due to the fact that in Kesler and Knodt's report, ruminal folates were measured by a different method (fluorometry) than that used in the present experiment. Moreover, the samples were possibly contaminated by the postmortem desquamation of gastrointestinal mucosa because the ruminal contents were collected after slaughter. Lardinois et al. (1944) Lardinois et al. (1944) and Kon and Porter (1953) are similar to those observed in the present experiment in the solid ruminal fraction of unsupplemented steers, Concentrations of folates in ruminal fluid, reported by Hayes et al. (1966) and obtained by microbiological assay, vary from 80 ng/mL for a diet of flaked corn and long hay to 186 ng/mL for an allconcentrate diet based on flaked corn. These values are slightly superior to those obtained in the present experiment but, although not significant, the nature of the diet had a similar effect on folates in ruminal fluid. According to these authors, ruminal fluid of steers fed all-concentrate diets contains the greatest amounts of folic acid, concentrations in ruminal fluid being higher than in feed whereas the opposite trend was observed in steers fed a mixture of concentrates and hay.
Similar inverse relationships between folates in feed and ruminal contents were observed in the present experiment. Feed intakes during the 5 wk of adaptation were 7.67 k 1.11, 8.09 f .77, 8.09 f .64, and 7.88 k 1.35 kg of DWd for HF, HF + FA, HC, and HC + FA, respectively. Concentrations of folates in feed were .94 and .5 mgkg of DM for diets based on hay ( H F or concentrates (HC 1, respectively. Consequently, calculated daily intakes of folates provided by the diet itself were higher for steers fed hay-based diets, 7.21 f 1.04 and 7.60 k .73 mgkg of DM for HF and HF + FA, respectively, with 4.05 k .32 and 3.90 k .67 mgkg of DM for those fed HC and HC + FA, respectively. As reported earlier, concentrations in the ruminal content of steers showed the opposite trends. Zinn et al. (1987) observed that the supply of Bcomplex vitamins to the small intestine increases when feed intake of steers increases. In the present experiment, as feed intake during the adaptation period were similar among treatments, it is unlikely that it affected folate supply t o intestinal sites of absorption. Passage rate of feed through the rumen is accelerated in steers fed concentrate compared with those fed forage (Dulphy and Faverdin, 1987) . However, accelerated passage rate through the rumen would possibly favor a rapid appearance of dietary folic acid in the small intestine but could provide no explanation to the inverse relationship between daily intake of folates provided by the feed itself and the concentrations of folates in the ruminal contents. Therefore, it seems that this observation could be explained only by a difference in folate metabolism of ruminal microflora. The higher concentration of folates in ruminal contents of steers fed concentratebased diets could be attributed to an increase of folate synthesis by ruminal microorganisms with diets rich in carbohydrates easily available (Lardinois et al., 1944; Hayes et al., 1966) . The lower concentration observed in hay-fed steers could be due to an increased utilization of folates by ruminal microflora for the degradation of fibrous substrates as observed in vitro by Allison (1965) and Blanchart et al. (1989) .
As observed by Olubobokun et al. (1988) and Riddell et al. (19801 , the production of microbial protein ( P = .004) and microbial mass ( P = .003) in ruminal fluid during the 23-h period of sampling were higher in steers fed concentrate-based diets than in those of steers fed hay-based diets (Figure 2a, b) . Dietary supplements of folic acid had no effect ( P > per unit of microbial mass was not modified ( P > .05) by the nature of the diet or the dietary supplement of folic acid (Figure 2c) .
The concentrations of serum folates were increased after a meal supplemented with folic acid (time x supplement of folic acid, P = .0001), whatever the nature of the diet (time x diet, P = .26; time x diet x supplement of folic acid, P = .19) (Figure 3 ) . These observations confirmed previous observations on the efficiency of dietary supplements of folic acid in increasing serum concentrations of folates in the bovine (Girard et al., 1992) . Moreover, as the steers were on the same dietary treatment during the 5 wk preceding blood sampling, serum concentrations of folates before feed distribution were compared. Preprandial serum concentrations of folates were not different for steers fed HC or HF. Serum folates of steers fed diets supplemented with folic acid were still higher than those of steers fed diets that were not supplemented; however, those fed a diet based on concentrate (HC + FA) had higher preprandial serum concentrations of folates than those fed a hay-based diet ( H F + FA) (diet x supplement of folic acid, P = .002). Variations of the preprandial concentrations, which are considered as a reliable indication of folates status (Gee et al., 1989) , were in accordance with the results observed in ruminal contents. Moreover, the preprandial concentrations of folates in unsupplemented steers showed that, in ruminants, the effect of diet on the folate status of the animal is small. As demonstrated by Zinn et al. (1987) and Girard et al. (1992) , the amounts of folic acid reaching the sites of absorption or the serum are not significantly modified by small changes in the amounts of folic acid in the rumen.
In conclusion, it is possible to improve folate status of the bovine by using sufficient doses of dietary supplements as demonstrated by Girard et al. (1992) . The concentrations of folates in ruminal fractions as well as in serum were modified by the nature of the diet. The disappearance of folates observed with haybased diets could be explained by an increase of folate utilization by ruminal microflora, although, at the level used, the effects of folic acid on ruminal fermentation were not marked (Chiquette et al., 1993) .
Implications
Results of the during periods in present experiment confirm that which a supplement of folic acid could%; needed to improve folaie status of ruminant bovine, use of a dietary supplement is possible without any negative effect on ruminal microflora. However, the intensity of the response of serum folates to a same amount of folic acid given as a dietary supplement is modified by the nature of the diet (concentrate-vs hay-based diets).
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